Abstract. Zika virus is spreaded by mosquito. There is high probability of Microcephaly. In 1947, the virus was first found from Uganda, but it has broken out all around world, specially North and south America. So, apriori algorithm and decision tree were used to compare polyprotein sequences of zika virus among other flavivirus; Yellow fever, West Nile virus, Dengue virus, Tick borne encephalitis. By this, dissimilarity and similarity about them were found.
Introduction
Today Zika virus is being a very big problem. In Brazil, more than 1.5 million people have become infected since April, 2015. The Zika virus was first found in Uganda in 1947 [1, 2] . As time goes by, zika virus arose in many countries like Malaysia, Micronesia, and Tahiti island in the South Pacific. Now, in recent 2 months, Zika virus has been found in about 39 countries. And, because of zika virus, few people died [3] . Not only Zika virus, but also other viruses (like west nile virus, yellow fever, tick borne encephalitis, and dengue virus) are fatal to people. And all of them belong to flavivirus. Unfortunately, there is no specific treatment of the viruses. Actually, vaccines exist for yellow fever and dengue virus [4, 5] but other viruses (west nile virus, tick borne encephalitis, and zika virus) don't have vaccine. And treatments are only relief from symptoms. This is why we are doing this experiment. An investigation on figuring out similarities and differences between the viruses and yellow fever may lead us to have a deeper understanding about the viruses. By using apriori algorithm and decision tree, we are able to expect to find out the possibility of a treatment that is effective to them.
Materials and methods
Materials we used in the experiment are flaviviruses ; Zika Virus, West Nile Virus, Yellow Fever Virus, Tick Borne Encephalitis, and Dengue Virus. Their genome sequences were gathered from the National Center for Biotechnology Information (NCBI). And we use apriori algorithm and decision tree to progress the experiment.
Zika Virus
In 1947, zika virus was first identified in Uganda rhesus monkey. [1, 2] People can find that the virus is shared to homo-sapiens from mosquito. Conducted three to seven days, people who are infected can notice only a minimal symptoms such as rash, acute fever, conjunctivitis and muscle pain appear. But, rougly 80% cases are an inapparent infection [6] . This virus has high probability of Microcephaly. So many countries warn to woman who can become pregnant [3] .
West Nile Virus
Mainly west nile virus is infected by mosquito, but people can catch it from horse, crow and sparrow. Symptoms like headache, seizure, feeling stiff appear for 2 to 14 days after being infected. The virus can disturb the state of the central nervous system of the brain [7, 8] .
Tick Borne Encephalitis (TBE)
Tick borne encephalitis(TBE) is infected by mite who comes down with the virus. The incubation period for the virus is about 7~14 days. It has symptoms like lack of appetite, vomiting in the incipient stage and the central nervous system like nuchal rigidity or lethargy later [7, 9, 10] .
Yellow Fever
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Yellow Fever is like hemorrhagic fever that is fashionable disease in Africa and North America. The arbovirus that causes yellow fever is transmitted by mosquitoes [11] . After the incubation period of three to six days, people can experience symptoms like fever, cold fit, headache, and vomiting [12] .
Dengue Virus
Dengue virus exists in saliva of Aedes albopictus. When the mosquito the blood of people or animals the virus is injected into a person and then the disease goes to the person. The disease occurs 5~7 days after being bitten by mosquitoes. Fever and skin rash are the major symptoms [13] [14] [15] .
Apriori algorithm
The Apriori Algorithm is the one of Algorithms used for data mining [14, 16] . In this research, We used apriori algorithm to find frequency of polyprotein sequence of Flavivurses. We divided 3 window rules; 9-window, 13-window and 17-window. The number of window represents is the number of sequences of virus which we have disposed before applying algorithm. We can compare with Zika virus and other Flaviruses to use frequency of polyprotein sequence. In other words, we can find similarity or dissimilarity about Zika virus and the viruses.; Dengue virus, West nile virus, Yellow fever, and Tick borne encephalitis.
Decision tree
One of the common data mining methods is decision tree. It uses branching method by drawing leaves and branches to generate model which expects target variable based on several input variables [6, 16] . Decision tree is a graph that every internal node corresponds to input variables and each branch corresponds to possible outcome of the input variables. And leaf node is a value of target variable when each input node has a level of route from root node to leaf node. Decision tree stretches continuously by adding the input variables. It expands until node of subset equals to target variable or the new predictive value cannot be added caused by division. If we use decision tree, it is effective to find out differences between data [13, 17] . So in our experiment, decision tree method is applied in order to compare and contrast the viruses.
Result
Apriori algorithm
Using apirori algorithm, we found out results like these. 1 is the result we found out by analyzing Zika virus using apriori algorithm window-9. Results from other viruses are appeared in similar patterns. Averagely, about 40 rules were found in each virus (including 9, 13 and 17 windows), so we got total 201 rules. We analyze rules of polyprotein sequences by the appearance frequency. And then, the most symbolic rule of each virus was chosen and was used for finding similarity between 5 viruses. Tables below are the results. Table 1 , Table 2 , Table 3 show an analysis of amino acid sequences of 5 flaviviruses in 9, 13, 17 window. 9-window: Dengue virus amino1 Leucine, Tick borne encephalitis amino2 Glutamine and amino3 Leucine, Yellow Fever animo5 Leucine, West Nile amino7 Leucine, Zika Virus amino3 Glutamine and amino8 Leucine. 13-window: Dangue Virus amino1 Leucine and amino7 Valine, Tick borne encephalitis amino8 Leucine, Yellow Fever amino12 Glutamine, West Nile amino2 Glutamine and amino9 Leucine, Zika Virus amino7 and 13 Leucine. 17-window: Dengue Virus13 Leucine, Tick borne encephalitis amino17 Glutamine, Yellow Fever amino10 Leucine, West Nile amino1 Leucine and amino13 Alanine and amino15 Valine, Zika Virus amino1 Glutamine. Analyzing 
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Discussion and conclusion
We measured the frequency of 5 flaviviruses' polyprotein sequences using apriori algorithm. Experiments were separated into 3(9-window, 13-window, 17-window) and were done on each flavivirus. We can find out that G(glutamine) and L(leucine) showed higher frequency of all viruses. Exceptively V(valine) was frequently found in 13-window of dengue virus, V(valine) and A(alanine) were frequently found in 17-window of West Nile virus. By comparing and contrasting zika virus with other 4 viruses, we expected that we can find out treatment of zika virus. To know exact correlation between zika virus and other 4 viruses, we used decision tree set to 10-fold cross validation. Type of proteins that showed higher frequency is almost same at apriori. However, we can find out each virus has its own characteristics. Namely, there may be some difficulties at combining 4 flaviviruses to develop treatment of zika virus.
So we think that further research have to be progressed.
